Abstract. The absorption coefficient, refractive index and optical fingerprint characteristics were acquired by terahertz time-domain spectroscopy in the range of 0.4~1.5THz of the capsule drug ofloxacin. The results show that ofloxacin had multiple absorption peaks with different intensities within the frequency range, and the absorption coefficient spectrum could be used for the identification of ofloxacin. In the range of 0.4~1.5THz， the absorption spectra of ofloxacin molecules were simulated by Gaussion software. The vibration modes of some absorption peaks in the absorption spectra were analyzed and identified using the density functional theory. At 1.06 and 1.13THz, the experimental results show that the absorption peaks are consistent with the absorption peaks of 1.07 and 1.18THz in the theoretical spectrum, which are caused by the vibrational modes in the molecule ofloxacin.
Introduction
Terahertz radiation is a generic term for electromagnetic radiation in a particular band. Its band is located between the microwave and infrared, the frequency range of 0.1~10THz, and it is also named as the far infrared ray in the field of spectroscopy [1] .
Capsules are high-grade plastic products which are made from animal skin, bone and tendon, after a complex physical and chemical treatment. Because of the low photon energy, the terahertz wave will not cause ionization or other damage to biomolecules, it is the ideal source for biomedical testing [2] .
Ofloxacin belonging to the third generation quinolone antibacterial drugs is the main component of medical capsules, which is the treatment of the respiratory tract, throat and other parts caused by Gram negative bacteria, it can hinder Staphylococcus, Streptococcus pneumoniae and Escherichia coli. These analytical methods often have shortcomings such as high equipment requirements, long identification time and cumbersome operation methods, which are not conducive to the rapid identification of ofloxacin [3] .
Terahertz time-domain spectroscopy(THz-TDS) can be used to detect the THz-TDS information, the optical parameters of the material can be obtained by optical parametric model, after that the physical and chemical information of the substance can be determined [4] [5] . The preparation process of the sample is simple and convenient, and it is necessary to carry out powder pressing. The whole process is fast and accurate, and it is expected to become a new material of rapid detection technology.
Experimental preparation.
With a molecular formula of C18H20FN3O4, ofloxacin has some aliases, including Hoe-28o, TV-1oo. As capsules, the content of ofloxacin is white to pale yellow powder, and the chemical structure of it is shown in Fig.1 . Fig.1 .Molecular structure of ofloxacin Ofloxacin pure purchased from Dalian Meilune Biotechnology Co., Ltd., purity> 99%. The powder adhesion of pure ofloxacin is poor, so polyethylene powder in the THz band without absorption peak is selected as a binder. The mixture of ofloxacin and polyethylene was 1: 1 by mass, grinded using an agate bowl after the mixture was dried. The mixture was pressed into a sample which was smooth and crack-free and parallel at both ends with diameter of 13mm and thickness of 1.05mm, using a FW-4 tableting machine (Tianjin Tianguang Optical Instrument Co., Ltd.).
The THz-TDS experimental system used in this paper is Model Z-3 series developed by Zomega Terahertz Corporation. This system consists of femtosecond laser, THz pulse detection optical path, THz pulse generation optical path and THz data calculation. The laboratory temperature is 22.1 ℃, and the dehumidification treatment is carried out with nitrogen, so that the relative humidity of the sample chamber is kept at zero.
Experimental Spectra and Theoretical Spectrum of Ofloxacin. Fig.2 shows the time-domain spectra of ofloxacin and reference, it can be clearly seen from the figure that the sample signal has a time delay with respect to the reference signal, because the refractive index of the sample in the THz pulse is greater than the refractive index in nitrogen [6] . Fig.2 .Time-domain spectra of the nitrogen and ofloxacin In the experiment, the molecular structure of ofloxacin was drawn by ChemDraw Ultra, the structure optimization of ofloxacin was carried out by B3LYP algorithm and 6-31G (d) basis, in order to calculate the vibration frequency in later period. Then the vibration frequency structure information of ofloxacin was obtained by Gaussian 03 software. The dynamic vibration of ofloxacin in THz band was observed by Gaussian View software [7] [8] . Experimental results do not appear virtual frequency phenomenon, consistent with the actual situation. According to Fig. 4 , the refractive index of ofloxacin in the range of 0.4 ~ 1.5THz corresponds to the characteristic absorption peak in the absorption spectrum, which is consistent with the Kromers-Kroning relationship [9] . It can be seen clearly from Fig. 4 that there are obvious absorption peaks at 1.06 and 1.13THz of ofloxacin.
Absorption peak analysis.
The partial THz absorption peaks of ofloxacin in the range of 0.4~1.5THz were analyzed and identified by Gaussian software.
The absorption at 1.07THz is the out-of-plane reverse swing of the carboxyl group 25O=22C-25O-27H with the 22C-20C bond axis, and the out-of-plane rocking vibration of the 15C methyl group with the 13N-15C, these two torsional oscillations drive the torsional pendulum vibration of the entire ofloxacin molecular skeleton, as shown in Fig.5 . 6 shows there is an absorption peak at 1.18THz, the absorption peak was generated by the 19C=24O bond around the nitrogen-containing heterocyclic ring to do outside the rocking vibration, and the out-of-plane deformation vibrations of the carboxyl group 25O=22C-25O-27H, and the 14N-10C-9C-12C deformation twist.
The theoretical model of the Gaussion software simulates various vibrational modes within the solute of the substance, the absorption peaks at 1.06 and 1.13THz in the experimental spectra are caused by the vibration modes in the molecule of ofloxacin, which correspond to the absorption peaks Advances in Computer Science Research, volume 71 at 1.07 and 1.18THz in the theoretical spectrum, respectively. And the shift of the absorption peak position is mainly due to the temperature and the solid phase of the sample caused by the material.
Conclusions
The optical parameters such as absorption coefficient and refractive index of ofloxacin in the terahertz band were measured, and the fingerprint of ofloxacin was obtained. In addition, the theoretical absorption spectra of ofloxacin molecules have been simulated by density functional theory and compared with the absorption spectra obtained by experiments. The main absorption peaks of ofloxacin were analyzed and identified, the results show that the absorption peaks were caused by the internal vibration modes. Based on the above studies, the technique of terahertz time-domain spectroscopy can be extended to the analysis of various capsules, and the technology is expected to be applied in the field of capsule drug detection.
